A GC-MS analysis of alkaloids in the aerial parts and bulbs of Galanthus xvalentinei nothosubsp. subplicatus was performed for the first time. Totally, twentysix alkaloids were identified, of which tazettine and galanthindole were the major ones. Acetylcholinesterase inhibitory activity of the alkaloidal extracts was determined using modified in vitro Ellman's method. Significant anticholinesterase activity was observed in the tested samples (bulbs: IC 50 = 21.3 µg/mL, aerial parts: IC 50 = 16.3 µg/mL).
The family Amaryllidaceae consists of about 85 genera and 1100 species distributed throughout the warm regions of the world. The members of this family are known to possess pharmacologically and chemically diverse alkaloids [1, 2] . Some of these alkaloids were shown to display antiviral [3] , antifungal [4] , anticancer [5a] and acetylcholinesterase (AChE) inhibitory activity [5b,c] .
The genus Galanthus L. has bulbous, perennial and herbaceous plants and is reported to be represented by 14 taxa and one hybrid in Turkey. G. xvalentinei nothosubsp. subplicatus is a hybrid between G. nivalis L. and G. plicatus M. Bieb. subsp. byzantinus (Baker) D. A. Webb. This taxon exists principally in north-western Turkey [5d,e] . In the present work, capillary GC-MS was used to identify the alkaloids of G. xvalentinei nothosubsp. subplicatus for the first time. Totally twenty-six compounds ( Table 1) were detected in the extracts prepared from the aerial parts and bulbs. Most of the identified compounds belong to the tazettine and crinine type Amaryllidaceae alkaloids. Phenanthridine, galanthamine, crinine, lycorine, graciline and homolycorine type alkaloids were also determined. Interestingly, galanthindole, an indole type alkaloid previously isolated from other Amaryllidaceae species, was also recorded [6a,b] . In the aerial parts, the main alkaloids appeared to be tazettine (13), 11-O-(3'-hydroxybutanoyl) hamayne (24) and 3-O- (2''-butenoyl)-11-O-(3'-hydroxybutanoyl) hamayne (25) , whereas in the bulbs galanthindole (6) and tazettine (13) were the dominant alkaloids. Other important components were lycorine (17) and ismine (1) .
AChE inhibitory activity of this hybrid is also reported for the first time in this study (bulbs: IC 50 = 21.3 µg/mL, aerial parts: IC 50 = 16.3 µg/mL). It is recorded in the literature that galanthamine and lycorine type alkaloids show potent AChE inhibitory activity, as in the case of galanthamine (IC 50 = 0.15 µM) and assoanine (IC 50 = 3.87 µM) [7] . Therefore, the presence of lycorine and galanthamine type alkaloids in the tested extracts could be responsible for their high AChE inhibitory activity.
Experimental
Plant material: G. xvalentinei nothosubsp. subplicatus, collected from Begendik-Igneada (Kirklareli), was identified by Prof. M. Ali Onur (Ege University) and Dr Sirri Yuzbasioglu (Istanbul University). A voucher specimen (No: 1410) is deposited in the Herbarium of the Department of Pharmacognosy, Ege University.
Extraction:
The alkaloidal extracts were prepared from the aerial parts and bulbs of G. xvalentinei nothosubsp. subplicatus to be used in GC-MS analysis and in the AChE inhibitory activity assay. Airdried, powdered plant material (500 mg) was separately extracted 3 times with methanol (5 mL) at room temperature. The solvent was evaporated under reduced pressure, the residues dissolved in 10 mL 2% sulfuric acid, and the neutral compounds removed with diethyl ether (3x10 mL). The acidic aqueous phases were basified with 25% ammonia to pH 9-10 and the alkaloids extracted with chloroform (3x10 mL). The combined chloroform extracts were then dried over anhydrous sodium sulfate, filtered and the organic solvent distilled in vacuo and the alkaloidal extract obtained. Five mg of the alkaloidal extract was dissolved in methanol (250 µL) for GC-MS analysis.
Gas chromatography-mass spectrometry:
The GC-MS analyses were recorded on a Hewlett-Packard 6890+MSD 5975, operating in electron impact mode (EI, 70 eV). A HP-5 MS column (30 m x 0.25 mm x 0.25 µm) was used. The temperature program was: 100-180 0 C at 15 0 C min -1 ,180-300 0 C at 5 0 C x min -1 and a 10 min hold at 300 0 C. Injector temperature was 250 0 C. The flow rate of the carrier gas (helium) was 0.8 mL min -1 . Split ratio was 1:20. One µL of the solution was injected. The alkaloids were identified comparing the mass spectral fragmentation of the compounds with standard reference spectra from the NIST 05 database (NIST Mass Spectral Database, Gaithersburg, MD, USA) or by applying cochromatography with standards previously isolated in our laboratory. Moreover, spectral data obtained from the literature were used for the identification of the alkaloids. The spectra of coeluting chromatographic peaks were examined and deconvoluted by use of AMDIS 2.64 software (NIST). The percentage of the total ion current (TIC) for each compound is given in Table 1 .
AChE inhibitory activity:
AChE inhibitory activity was performed spectrophotometrically by using a microplate assay modified from Ellman's colorimetric method [9d] with a 96-well microplate reader, as previously described [5b] . The samples were tested with final concentrations of 150, 100, 50, 25, 12.5, 2.5, 0.25 µg/mL. The enzyme inhibitory activity was measured as a percentage compared with the blank. The 50% inhibitory concentration (IC 50 ) was calculated by GraphPad Prism V3.0 software (GraphPad Software, San Diego, CA). Galanthamine was used as a positive control. (5), 211(5), 196 (7), 180 (7), 168(6), 154 (3), 106 (3) (2), 258(100), 242 (8), 212 (7), 211(10), 186(11), 181 (14), 153 (4), 128(11) 0.5 -[8c] 15 Graciline type alkaloid-1 f * 26.16 367 (2), 282(9), 264 (3), 254 (3), 240 (3), 227 (7), 226(32), 225 (100) (3), 109(100), 108(23), 94 (7), 82 (4) (2), 283 (2), 281 (22), 264 (3), 252 (7), 227 (7) 
